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(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent the outer base 
region of the base layer of a mesa-type bipolar transistor 
from overetching which causes the reduction of the 
thickness of the outer base region and hence the increase 
of a base resistance when an emitter layer is patterned 
on a base forming layer. 

SOLUTION: A mesa-type bipolar transistor has a 
collector 11a formed on the surface side of a substrate 
1 1 , a base layer 1 2a which is provided on the substrate 1 1 
so as to be connected to the collector layer 1 1a and an 
emitter layer 1 3a provided on the base layer 1 2a. An 
auxiliary base layer 14a which consists of a polycrystalline 
silicon layer 1 13a and a diffused layer 1 14a which is 
formed by diffusing impurities in the substrate 1 1 is 
provided under the outer base region A of the base layer 
1 2a. The conductivity of the outer base region A is 
compensated by the auxiliary base layer 14a. 
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[0 0 0 2] 

/^#-9 h 9 ^3>* J: 

KSKrAftft («T. fTmax ttSrt) tr±#S*5#B 

* * moHEtfgMfc t T/<^^ A— Lfi < ft 5 
/MaK— 9 h9>^**<DfTinax .«:±#S* 

«ffcs?ds*)5. HHWfcwt, ±15^-* Jfta*>r 

*r#i-5^*— 9 h7^^m fTmax =30- 
4 0GHzdS±P!T*fcofc 0 

[0 0 0 3] ^^^S^/UjSftfcioTJKfifc 
L£¥#ttl £-<-*/f £ LT/fl^fc^ #-9 

T0£9lci:URft-f&. 5fc1*> 015 (l) \Z7jk1~£ 

ok, m&w\cNW<D^i't?*mi i aasj&fcsjxfc* 

fillip PlO»^tn->!J3y||^i 

« i ^tts i 2 <o±m^ NSo^«*sr-s-^ri-5 > 

^yKi2^#ll 3£LT^e**i^/H&g 
fcfc, @13 (2) fcS*J:5fc, U&Xh'< 

V^U aRS2fi«:il3^45x^^ii3 
aSrJgfifc-TSo l/^ h^-y9 0lSr|»4lfcft % 
013 (3) lc«1-J:5te* u^h^-y9 0 2* 

*Ml 3a«TfcSft«l**#Il 2^t>ft5-<-* 
Il2a«f5 0 Hi 3 (4) fc*i"J:5 

»«i i±iciteSKi a«r*gti- s. *<o&, tmmi 

8(^U^|lla, -<-*Jfl 2 aMx'y^l 
13a 5 18a &Ztl?i%B& 

[0 0 0 4] ±IBOJ:5fcLT«j*Sixfc^#-9 h 

«£Jt$&LTjg< ^o^j3fitJSacO®V>-<-^l 12a 
&*t"5fc<Dfcft& v fTnax #5 0GHzSa^*Tjg 
r*::*#*#3;h/C^fi. ±12^-^112 8 

ti\ ^fc£$3££*-f£S i -Ge (iXii n^-y/W^ 
^:SiGex) DtA^ft t>5JB 1 4^**1 



9V^**-CWt, fTmax 1fi 1 0 0 GH z gftlC^-Cigf 

[0005] je^ ^^^B^iSfta^S^^^b 
^iiSLTisD, ^»«ii^f»»^c*5v^Ttii«««^/J^ 

fflv^T^$*bfc*^traaffiic:iisai[i^prtB (frma 

x=12 0GHz) ft*«^*:S/3 3ySfi±t»*tt 

#-9 h9^^#o*fflft;dS#«)bJtTv^ 0 
[0 0 0 6] 

IHdSfcofco -fftfr^ 015 (2) K^Lfcipfcl, 
20 ±f2^:y*/f 1 3 ate. -«-^JiJCft-5*l***Ji 

m-tz^-xm mi*m#ni 2) 

5 (3) fcSU,fc«fc5^ ±E^il2alt 
**Jil 3 aTfiSOJ5tt^<-^^BJ:») fc^toflfccr)^ 

[0 0 0 7] 

:!/*li*«;Lfc*ifS!<D^#— 9 h9Vv***fc:*5 
40 #ifc-f3fc»<0*&i: L-CV5 0 ifc, ilE^SB^— ^ 

[0 0 0 8] ±E^^-7h7>^^m ^s?-< 

-xmm^m^Tmmm^-xmtfmmztix^z 

±E^«-<-^««o*ft»ft**«:a»^ 

tft5. rcofctf), -<-^«±fl5:^*^bLT^8S-<- 
50 ^fi«o^<-.x«gtis±#LTt>, SK^»^<-^«« 
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<D jhffi^TEKE Jl £ ftfcffift^- * lie X o T^<- * 

*fc»^-^«a^e<»* fetus. 10 

[0 0 0 9] 

imm<omm(omm] sit, *%w<dsu#-? hy> 

RW«T5*** *«!!ttPNP/V*-? h7^^ 

[ooioifliu, *mw<om 1 , 2RTfm#m 20 

Itt^-y-SJ-CfctK Sftli^<l 0 0>S«(c 

1 1 alc^f^^tS«l l±fcEII£*LfcP8!G> 
^<-*/i 12ah 1 2 a ±(CEB£ flfcNS 

5^^113 a«>«*Tfflfc*5Wa-<-^Jil 2 aOfl-lfl 
^-^MJ&A^TffiK. 1 4 a#E«**L 

TV><5o ^SIl^lHali, TKy^y^Jf 1 30 
13a iitfiUIl 1 4 a fc "C*^$ttTV^5 e ±|B# !i 
^y^^Il Halt 10 ,9 -10 2I i/cm 3 Sft 

9, feftSl 14a^ 10«-1 0 21 IH/cm 

[ooii] grFM, 02 (1) - (5) &u<0 3 

(6) - (10) *fflV>ta^^7h7V^^ 

1 G>«ji3MHfrRHi-5. 02 (1) J: 0 

^ PiOi/!l3yJE«ioi«iBt, ^fciCioT 40 
3 0 0 n mSSolf^k>> ^y)ii02 

(c, K{kT^^^ (sb 2 03 ) «rB#te«SfcJflv^ 
fc«ftlt«^J:oT, IMki/y3^itl0 2*r»*Lfc 

ttafcfcttss/jja^afcKi 0 l^icryf^yi: 

5 0 r^TIi; ffl*i&*=u*#Jf 1 0 3^>-HfiSt 
ps = 2 0-50Q/D, gUSX j =l-2/imgffilC so 



[0012] fttc, 02 (2) iWks/y 
^1(102) S:l»*Ufc«\ ^tr***>*/utt»fc 
<fcoT, jgfet^=0. 3-5. OQcm, /?£ = 0. 7 
-2. 0 ju mitONS(0^#i 1 0 4 Sri/jJ ay£ 

Si 0 liKrtBtra. 

[0 0 13] 02 (3) <fc?lC, N^CO 

04O*aSr*ft$*T^<y7riMt«i 0 
5 £ $H L , C V D (Chemical Vapor Deposition) 

^tSLOCOS (Local Oxidation of Silicon) SMfc 
l^-X^Of^ XtfLOCOSIMtfc#5j6 

K{bffill 0 5142 0-5 0 nm, ^^^110 6 
*4 5 0-1 0 0nmg»:WJtl5o ^-Cfi 

i/y n^Btl 0 6M^77 7 iftI10 5^U 
$ h \Z 0>¥9MM i04£LOCOS iMfc^oBS/i 

LOCOSIMbHt«r«J*Lfcafl!>IEtR*B5^¥fflfc 

[0 0 14] ftl^lC, 12 (4) K*cfJ;5(^ 10 
0 0-1 0 5 0 < C-C2-6^O^^-A^{b^tT9 - 

il04$il-0. 8 — 1. 5/imOj|f(DLOCOS 
IMfc*l 0 7*j«ftS-&a a rOTS*CLOCOSM 
$tt"f(Cg|ofc^frei 0 4»#i, I6i4*al/^ 
*Hl 0 3iWiOn^>5r|i 1 a #7FM£*L£o 
*rLT, OUnl/^^lHaHO 

COSiMl 0 7 £d>bft'SSCi 

T, l^>y=tyli0 6) SrRfe*U ft^T, S«l 

mywuz?* 0 8Sr^-ra 0 ^tt, r 

fCfcoT, nu^ii 1 aO*iBttdl:69Bit«i( 

^M^ldr try 4 0- 1 0 0 k e VCD£A 

x^--C10 ,5 -10 I6 B/cm z SS^A"T5o 
[0 0 15] fc^T, h/^-yi 0 8SrBfe*L 

fc&, cvDifclcJ:oTrrTttBI*L*v^iMfcs/y a 

VKSr 1 0 0 - 6 0 0 n mgg^^T^jg-r 5 0 ^CD 
±!2^^^aA(-<toTSSl lO$E^|:$A 

7jkLte\,^i/x HSSr±fiB»<b^y ="^Bt±teMri- 
a o ^O^, R I E (Reactive Ion Etching) m^Xo 

r±ieu^^ hmRtfifflki/}) ^>m&^\s*?9m \ i 
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[0 0 16] Rt, 0 2 (5) fc«i"J;5fc, 900t 

Wfc»J*S3h,fc=U^^Jll 1 aOBtlJffifcll 0-3 0 
nmSK0KV0lMfclKl 1 0£$ft£-£3 o fc^-t\ 

[00171-tU, KTOXa^63», 

xg-c&9, ftoiSfcwrcfrs. i3 (6) 
C«-*-J: Stel l±tc:u^ h/^^-^l l 2$: 
BAT*. :^)^ l 2te, 

x h/^-^i l 2$r-7X^|^^/:R i EjfclcJzo 

MAsRllO, LOCOSiMl0 7M3l/^ 20 
^illa (D— $£2 0 0 — 3 0 Onm^i^Cx^f 

loo l 8] 03 (7) i:^tJ:5l:, ±ffiw^ 

^M^-y (in) im^Ltzm, cvDitiao 
asi i±fc#y v-y a^m i asrriW-rs. r 

rttt2 0 0-3 0 0 nrnWRU-CrtBiShS, 

«x ftlbKl 10^h ^/^CUcCMP (Chemical H 30 

echanical Polishing) felcX^XtfVi/}) zxisfgi 1 3 

ttteioT* ±iaailoofltt«:jKy i/y a^g l l 3 a 

[0 0 19] #!)'>5ay|n 3aJ&>6<0*fc 

&»lwJ;oTS«l l*(:PS»$:tt»^ % #y 
5/S 3^11 1 3aO«Hl:(BotPlOjfiftil 1 4 
a *r»jjM-S. *LT, r^Tjfy iyy i 3 a t 

ItSti 1 1 4 a £ T\ 1 4 a *MI|j*£nS. 

[0 02 0] fcfc, H3 (8) S«i 1 

*B«:i#i4MbLfc8L MB E (Molecular Beam Epitax 
y) , ^y-^MBE, UHV (Ultra High Vacuum) 
-CVDifcttLP (Low Pressure) .-CVDS^Ci 

j&g^-tfSo :^i^H2liPi«M^ 

#1"5S i-Ge (Vy =J>-y/W^zi«>^) Jg$fcte 

s i (s/y a» iti-a. *<d&, m&<Dmmk&& so 



±ErtWd.*3V^Ttt, 1 1 2 OjANTJtK:]* 

mi 2s«2^ii3iwic/^ 0 ^ 

07) Wy^yayfl l 3at*5»»±?tt, ± 
GIB 1 1 2 &tf±fE£ 2 1 3 ttttiHf A 

lie* -5c 

[00 2 1 ] ±m<D'& > 03 (9) t5fc, f&2 

WHWl 3±fci/^M^^i 1 5«WU - 
h'<*— ^1 1 5%-?X?lzm^T%2¥i&fc 
1135:^5/^^^1-^0 r*tfc«fco-t\ *2.¥*ttJI 

^^tftt, us** h^^-^l 1 5^^>RWLTV>565 
1 1 2 V *f-^>f1S tlXn< 

[0022] fttc, 0 3 (10) (c^-fJ:5i^ -hfau 
^ (1 1 5) «:BfcfcLfc« % x^/^gi 

3 a JUWtJfc^— * 1 4 a ±4:S5JBt©^ 

i6«n 0 &v>-?, roi/^h/^-y 

1 1 6trv**|CfflVvc*l¥*#Jil 2^y^.v^ 
T*rfcfcj:oT\ Sl^|l2^?,4^^1 
1 2 a 5. 

[0 0 2 3] ±|EO<t au^llla, 
^112 a Mx^^|i 3aW*tfc«, ±|E 
US** h/<#— 1/1 1 6 &^T\ 11IOT 

1-<t^(^. CVDSCJ;oT, xv 7 ^|i3aM^ 
^11 2a^l9«it?Ml Ul:3 0 0nmSS 

*L«r^*^fcJfl^fcR I EiaotnI/'^| 1 1 a , 
^~*/I 12a v^il3a fc«X«1**-* 

= V* ^ F ^-/U 18a Sr«j*i-5 0 
[0 0 2 4] W:, iBi/^ :/«rRfe*Ut 

-<-*ji 1 2 a Rr/^ v^iua fc*iven»«i- 

[0 0 2 5] £t±0 <t 5 t IT, ^-^««AOT 
ffiictt©}^— x 14a ^iEMSixfc/V*— 5 hy>^ 

A£ffi|b-<-^«l 4 a t<Dm&&&t> J £tzm&\Cf£ 
5 0 ^<Otz£>, 03 (9) T^Lfc^ v^ll 3 a Sr 
Wt^^x^fy^^ll 2 aOft&k<-* ' 
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^sttwr*-* 1 4 a \cx<>x^-xi&m<o±mmx. 

btlZo c? ?>(C. It*"*-* 1 4 a Sr«*rSttft» 1 
14a^xv7^1l3ai y Z?1r<hk 5 \Z 

[0 0 2 6] fcfc, 04ft ±flB&l$t&gflB£|34R0) 

*£tftW+5fc&co0-Cfc5 o -tfVM by>i? 
**2b ±IB0 1 LfcJB 1 3feft««*v<>f h 
5 4t«K<-*Ji2 4 adSjRy 

*«2 4 a 12, x>^H3a t*-^-7y^t5 
[0 0 2 7] Z<D£ otm&iDsUtf-y hy ls*J*9 

yWTstzxs^ f lMfi^^-7h7V^ 
^^*!JtXSt*5V^T, 0 3 (7) M^LfcsK y i/|Jn 
^11 l 3 a^fccoT*fift<?3ltlS:SrfT5r.i:ft<JKti8;$ 

[0 0 2 8] ftfcl, 8 514, ±e#lfttf» 2 tragus 

h y * 3 t ±EH 1 atl« 4 Srffl ^TRW Lfc^ 
jtf— y Yy>*J*# tn&tjiZ&tt^ ^7il2a 
<o^»^<— ^««ATBB«cE|I*4xS Htft-*— ;* 3 4a 
Sttl io±B5fcia«StfCV^^^*)5o SAT 

So 

[0029] 9er % ±tsm 1 **««0>'*>f h y 
>*sx*nmtit#mtmmc, 02 <d - (5) 

+#«IT\ g« 1 1 CD^MflKn l/^illa fcjgfifc 

-t-s. ±iacos, 0 6 (6) =*\s?#m 
1 1 a±oKftiKi 1 o*ifc*u &\<^x-cvnm\c£ 
otSfi 1 i±«y v^y ny^3 0 1 ^Kt5o r 

^5t>^)T% 2 0 0^3 0 0 nm^RffK^RSttSo 
S5^«±SrHP-f S?EJjK(OU^ h^->3 o 2£, 
x Y'*#->Z02*-**#\zm^XiS9i'9 =^K3 

0 l^^^-rs. 

[0 0 3 0] fcCl, 0 6 (7) 

(3 0 2) «:lfc*Lfc«, ±E*1 

1 <0±ffiKS& 1 1 2 arm 2 ¥*#JI 1 3 
R+S. 



[0 0 3 1 ] 0 6 (8) K^ipl^ %2* 

3li:i/^ b^-^3 0 3SrjgfiJlu -co 
M^>3 0 3£^**tcfflV>T&2 4^#JI 

11 3A*fe*5ai§ ytm 1 3 a £Jg$1-5 0 r<Ox y 
M^Il^ll 2^-y<-a:y^v^$tlT» 

[0032I fti;, 06 (9) {c^j;5(c N h 

10 a?* — ^ (3 0 3) «:Bfe*U fcV>~C, ^-^JlcD^fiSc 
«fB^±Sr«5«5«t^^^ h^^-^3 0 4«rJfcjjfc-t" 
«• iJcv^r^i/^ — ^3 0 4Sr^**K:ffl^ 
TSl^fl 2W*y'>y^yi3 0 

«12a^7Ky^y 3yg3 0 lfrbtezffity^-xm. 

3 4 a 4:»«i-5 0 

[0 0 3 3] to8©l8B, ±K&US£JBtB&Rltt 
left? r£(cJ:oT, a5WLfc/W#-7 h7>^ 

20 h.7^^3t, ±^miRxfm2mmmmx7jkLtc 

#-5 h 9 3l/^|l l a<Dmfcmt>v 

rt^^MsK— 7 h7^?m *y^y=^i^ 

fe45*»^-^«*fctt»»-<-^Jltt»ft4JPls/y 

[00 34] W:, B7tt, ±IB^l-^3^Ji^ffi^ 
30 ra«o»**S:igfflLfc*4Slll6»tB^>f h7 

-y h7>-^^4<b±|B^i, ^2XUS^3jUfi^ffi 

Oz^/K-7h7y^^ (01, 04, 05) fcCD^ 
45^f±, Mft-<-^« 4 4a 

KlfcSo «Tt-, ±B/<>f Y7>*J*9 4<Dim 

[0 0 3 5) jtf, ±!2^1^W^C7)^^-y 
V^*0»rit*ttfcHH»K, 02 (1) - (5) 

I«ll^)*»3^?lllaSrM 

[0 0 3 6] ±|E<&«L 08 (6) (C^-r<t5l-, 
^ill a±OSMb«tl l 0S:8ft*U &^T\ £4K 
1 1 1 *m#m 1 2 2 ^#^1 1 3 «: «R 

-f£ 0 wOll^H2Mf2¥i*il3lt 

X, CVDmcXoT, ±E»2*i#«13 0±iBt 
^{tK4 01^2 00-400n mSSOglt'Mt 
50 5 0 
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ioo3 7] *z<r>%^ E8 (7) i:*tipi-> mtm 

X — 0 2^-7^^iCfflVNTSg^4 0 l&tf 

%%%2¥-m>$m 1 3^e>^^>^^ -/^i 1 3 a 

[003 8) W:, 08 (8) lo^r J: 5 fc, 
^h/**-^ (4 0 2) «rUfe*Lfc«, *-7-try hMMfc 
1401a, ^Sy*Jil 3 afttftfl ¥«M 1 2 0 
ttlBlfcf:^ K£a— /U4 0 3 4r0jfti-5 o ^cD-tH* K£ 
*-yt'4 0 3|j\ CVD«feJcJ:oT^JKLfc2 0 0-4 
OOnmOH^kl (H^*T) SrRIE-f^ri: 
KlioT»*t5 0 S«l 1-LK> 

#£»H-f SKlPffiSrWU ^u^Hia^ 

i"5o ^:L"C, rou^ h/^ — V4 0 4£^*^l£ 

IK, 09x.fi, 5-50KeV^Ax 
C 10 l5 -10 lfi fi/cm 2 S«^Ai-^o 
[0 03 9] 0 8 (9) |C7jct-Jc5fc % 

h^-V (4 0 4) £|&i:U #^T\ ^<-^l^ 
^±^15^01/^ 0 5*Bf&-? 

So &^T\ b/^-y 4 0 5 ^^Mcffl 

^til^ll2^x^f^U wjftfcioT* 
1 2*>fefc5'<— *B 1 2 a &BfSL*fZ><, 

I o o 4 o j ^otoigtt, i nmmmtmm 

**4jW&a$Ji5o :oj;5lcM$W:/^^7 
«>fc*5. 

[0 0 4 1] fcfc, H9I4, 3, 4W 

SS#Jg 11,12 £igffl Lfcff 5 nimUto'U 

^/f-7h7>^^5t ±E* 1 4 

S 0 ElTfc, ±^-f#-5 by>Vx?5<DUm^m 
SrfftWtSo 

[0 0 4 2] £1\ ±B»1-»4*16*||0^*- 
7h7V^^©M*i£i», 02 (l) - 
(5) l^-f^iT\ g&i l©*ffifl)Ca^#il 
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1 a £7lM*tSo fcfc'U 3 W^JI 1 la <D*fte N ^ 

T-cjg^ £ n s*it#j^~*i t *-s<- ? v y-t-sms 

<0«fcNJ£-f5o BlO (6) iCTjrf J: ? tc, ± 

E^lUJS^ffi-e^Lfctl^SllctT, ^u^jfii 
a ±*>IMbR l l 0 Lfc«, £;& l l ±|cJB l * 

[0 0 4 3] ft^T\ 010 (7) fc*i-±5fc* ^2 
l 3±(cuv>* F/^-y5 0 1 £JB$U ft 

10 ¥*Ml 3SrJiy^V^So ^tliaot, SKS! 
2^il3HiSx^^li 3aWn o 

[0 0 4 4] &Vn-C\ 01 0 (8) 

(5 0 1) £(&£L*:&. -<-*/I<^6!c 
SB^±«:«5»ttOU^ h/^-^5 0 2*WtJ$t 
So crcou-v^ h/** — >5 0 25r*^^^jcffl 

20 1 1 2frbt£Z>'<-*m 1 2 a 

[004 5] ^CD&, 010 ( 9 ) (c^-Ti: 5 Id, Uv> 
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